Demersal fish communities were studied on the lower continental shelf and the upper continental slope along the Pacific coast of northeastern Japan. Species composition, number and weight of each species were examined based on otter trawl samples at 45 stations. Mean density and biomass of demersal fishes were 131 ha -1 and 21 kg ha -1 , respectively. The ten most abundant species comprised of about 95% of total number and weight of overall catch indicating simple species composition. Gadiform fishes Theragra chalcogramma, Gadus macrocephalus and Physiculus maximowiczi were the most important species by number, weight and frequency of occurrences, and three main community types represented by the three key species were recognized. Theragra-dominant community showed higher density and biomass, and lower diversity than Physiculus-dominant community did. Species diversity of demersal fish community was negatively correlated to density and biomass. Density and biomass of demersal fish community were high on the uppermost slope, and the high abundance resulted from low-diversity communities dominated by T. chalcogramma and G. macrocephalus.
Introduction
Many fish-community studies have been practiced particularly in freshwater habitats, reefs and coastal waters (Helfman, 1978; Ross, 1986; Werner, 1986; Roughgarden, 1986) . Although community study is crucial to solving the conservation and management of multispecies fishery stocks, few works processed communities of demersal fishes on the lower continental shelf and the upper continental slope where the most of demersal fisheries have been carried out.
The waters off the Pacific coast of northeastern Japan have been intensively exploited by demersal fisheries, and numerous surveys of demersal fishes have been carried out in the area to assess the stock and ecology of single species, in particular of commercially important species, e.g., walleye pollock and Pacific cod (see Aoyama, 1980; Ochiai and Tanaka, 1986) . Comprehensive study on demersal fish communities is, however, very scarce. In the present work, we investigated density and biomass of demersal fishes by bottom otter trawls and described the community structure on the relative abundance of species.
Materials and Methods
Samples were obtained at 45 stations during the cruises of R.V. Shunyo Maru of the Far Seas Fisheries Research Institute, and R.V. Wakataka Maru of the Tohoku National Fisheries Research Institute, in October and November, 1990 . Sampling area is shown in Fig. 1 , covering the waters around the shelf edge between depths of ca. 100 and 500 m, from 36.5°N to 41°N. Fishes on or near the bottom were collected by bottom trawl nets of the following dimensions: 58.6 m headrope and 68 m groundrope for the R.V. Shunyo Maru cruise and 27.4 m headrope and 33 m groundrope for the R.V. Wakataka Maru cruise. The mesh size of cod-end liner was 45 mm for both nets. The nets was rigged with bridles and otter windows. The duration of tows was 30 min on the average (SE = 1), timed from the arrival of the net on the bottom to its lift off, monitored acoustically by a net-mounted sonde. The mean towing speed was 3.1 knots (SE = 0.1).
Catches were identified to species level whenever possible, and the numbers and weights of each species were measured on board. Density and biomass of the fishes were estimated based on the swept area (5.4 ± 0.4 ha, mean ± SE) calculated from the wingspread of the net and the towing distance. The average wingspreads of the nets were acoustically measured to be 22.3 m and 15.6 m for R.V. Shunyo Maru and R.V. Wakataka Maru, respectively. Catchability coefficients of fishes were supposed to be 1 for all species because we have no information on them. A few pelagic or mesopelagic fishes caught during the descent or ascent of nets were excluded from the analyses (see Appendix). For classification of communities based on the species composition, the similarity index C π (Kimoto, 1967) was used. The index between i-th sample and j-th sample was calculated as follows:
where n ik and n jk are density of species k in samples i and j, respectively. This similarity index was also used for the classification of distribution patterns of species when C π was the similarity between species i and species j, and k indicated the sample number. A BASIC program of clustering by group average method (Tanaka et al., 1984) was employed for the between-sample and between-species similarity matrices constructed by C π index. As measures of species diversity, number of species (S), Shannon-Wiener's function (H′) and an equitability index (E) (Pielou's evenness component of diversity, see J′ in Pielou, 1969) were used. The latter two indices based on information theory were calculated from the following:
where S = number of species in a sample, N i = number of individuals of the i-th species in the sample and N = total number of individuals of the sample.
Known as one way to characterize a community is a rank-abundance diagram. The diagram is shown as the relationship between relative abundance (P i ) and rank i, where i is the sequence of species from the most to least abundant. The observed patterns were compared to three models; geometric series (Motomura, 1932) , broken stick model (MacArthur, 1957 (MacArthur, , 1960 and lognormal distribution (Preston, 1948) . The parameters used here were based on May (1975) . Detailed explanations of these models were given in Whittaker (1970) and May (1975 May ( , 1981 .
Results

Density and biomass of demersal fish communities
About 27600 demersal fish (4500 kg) consisting of at least 75 species of 35 families were collected (see Appendix). The ten most abundant species in the overall catch are shown in Table Table 1 1. The ten ranked species accounted for 95% of the total number of individuals and 96% of the total weight. Gadiform fishes (Moridae, Gadidae, Macrouridae) prevailed in the study area, and walleye pollock Theragra chalcogramma was the most abundant by number and weight and the most frequently occurring species. Three species, T. chalcogramma, Pacific cod Gadus macrocephalus and brown hakeling Physiculus maximowiczi were key species ranked in all terms of number, weight and frequency of occurrence. The three species were distributed almost all over (at more than 35 stations) in the study area. Liparididae was the most diverse family including 7 species. Mean density and biomass of demersal fishes in the study area were 131 ha -1 (SE = 31) and 21 kg ha -1 (SE = 5), respectively. Average values were calculated in each stratum arbitrarily divided by latitude and depth to explore the allocation of density and biomass in the study area (Table 2) . Although the variations among stations were large, some tendency was perceived. Extremely high density and biomass were observed in the northernmost part (to the north of 40.5°N) represented by high abundance of T. chalcogramma, and the density and biomass were the lowest in latitudinally intermediate part of the study area (38.5°N-39.5°N). Particularly in southern part (to the south of 38.5°N) of the study area, abundance of demersal fishes was higher on the uppermost slope than on the shelf.
Distribution patterns of each fish species
Clustering was performed upon 25 species which occurred at 5 or more stations for comparison of the distribution patterns on the basis of the similarity matrix measured by the population density values at all stations (Fig. 2) . Some species-groups were identified for the latitudinal and bathymetrical distribution; the species more abundant in southern part (indicated by S in Fig. 2 ), the species more abundant in northern part (N), the species more abundant in deeper part (D), and the remaining species (O). Latitudinal and bathymetrical boundary for distributions of demersal fishes existed at around 38.5°N and about 200 m, respectively. Out of 14 species of group S, 4 species (S2) occurred mostly in the southern shallower part, while the other 10 species (S1) had relatively wide latitudinal and depth range. Four species of group N were distributed mainly in the northern part, and particularly one of the four (Sarritor leptorhynchus) was restricted to the northern part. The species group O, particularly Theragra chalcogramma, was positioned at a greatly separated cluster (Fig. 2) implying a peculiar distribution pattern. Four species of group O were found at relatively dispersed stations. Density and mean body weight were examined for three abundant and frequently occurring gadiform species to elucidate their distribution patterns (Figs. 3-5) . The distribution of Theragra chalcogramma was concentrated at the northernmost part (to the north of 40.5°N) and was extended toward the south where the mean body weight was large and the density was low. The density of Gadus macrocephalus was high at the depths between 200 and 400 m in the southern part (to the south of 38.5°N), and the mean body weight was large especially at deeper than 300 m in the southern part. The distribution center of Physiculus maximowiczi was located at less than 300 m depth in the southern part (to the south of 38.5°N), and the density was low at northern and deeper stations where the mean body weight was large. The relationships between density and mean body weight of the three species are shown in Fig. 6 . Many individuals were small in size where the population density was high, while the body size was large where the density was low. Then, the biomass appeared relatively constant for the variation of density. Coefficient of variation (CV) of density and biomass were 251% and 199% for T. chalcogramma, 200% and 149% for G. macrocephalus, and 148% and 90% for P. maximowiczi, respectively.
Community types based on species composition
The cluster analysis using the similarity matrix measured by the number of individuals of each species revealed three main community types (Figs. 7 and 8) ; Theragra community, Gadus community and Physiculus community. At the depth zone between about 200 and 400 m, most of northern stations (to the north of 38.5°N) as well as some southern stations were characterized by T. chalcogramma forming a large cluster of Theragra community. This cluster was conveniently divided into two types on the rank of T. chalcogramma in numerical proportion. Theragradominant type (indicated by T in Figs. 7 and 8) included 22 stations, where T. chalcogramma was the most abundant species (range of proportion = 0.36-0.996). This type was predominant in the study area, and many of the stations were linked by very high similarity with one another. The Fig. 6 . Relationships between density and mean body weight for Theragra chalcogramma, Gadus macrocephalus and Physiculus maximowiczi. Mean body weight was low where the density was high for the three species. Hyperbolic broken lines are written by hand indicating approximate observed maximum mean body weight. Fig. 7 . Dendrogram showing the classification of community types based on the similarity index measured by species composition in terms of number of individuals. Three major communities, Theragra community, Gadus community and Physiculus community, were recognized. Community types are indicated by characters and symbols: Theragra community (T, Theragra dominant one and T', Theragra subdominant one); Gadus community (G); Physiculus community (P, Physiculus dominant one and P', Physiculus subdominant one); the other community (O). proportion of T. chalcogramma was less than 0.38 in Theragra-subdominant type (T', 5 stations). Five stations belonged to Gadus community (G), and the proportion of G. macrocephalus ranged from 0.26 to 0.72. G. macrocephalus was the most abundant species at 4 of the 5 stations, and was the second at the remaining 1 station (St. 8). Gadus community was associated with T. chalcogramma, and Gadus and Theragra communities were integrated into the same cluster (symbolized by circle in Figs. 7 and 8) . Physiculus community was prevailed by P. maximowiczi and also divided into two types. Physiculus-dominant type (P) was found at 5 stations at shallower depths in the southern part (to the south of 38.5°N), where P. maximowiczi was the most abundant (proportion = 0.31-0.77). In Physiculus-subdominant type (P', 4 stations), the proportion abundance of P. maximowiczi was 0.04-0.22. Four remaining stations were classified into the other community (O); two (Sts. 18 and 20) were dominated by Glossanodon semifasciatus, another (St. 4) by a macrourid fish (unidentified sp. 1), and the other (St. 33) by Alcichthys Fig. 9 . Relationships between density and species diversity indices. H′, Shannon-Wiener index; S, number of species; E, equitability index. Broken lines represent the linear regressions measured by the least square method. The correlation was statistically significant for H′ and E, but not for S. High density communities showed low species diversity. alcicornis. The other community also contained T. chalcogramma, G. macrocephalus, and/or P. maximowiczi, but the relative abundances were very low (<0.05).
Species diversity and rank-abundance diagram
Species diversity of demersal fish communities varied from station to station that was shown by the wide range of Shannon-Wiener index (H′) from 0.02 to 2.24 (Table 2) . Extremely low values (0.02-0.28) were observed at the northernmost 4 stations, and higher values at southern shallower stations. Species diversity was negatively correlated to the density (Fig. 9) . ShannonWiener index (H′) and equitability index (E) decreased significantly as the density increased, and number of species (S) did not decrease with density. Decline of species diversity seemed more dependent on equitability than on number of species. While H′ and E were negatively correlated also to the biomass (r 2 = 0.37, p < 0.001 and r 2 = 0.41, p < 0.001, respectively), S was weakly correlated to the biomass (r 2 = 0.10, p < 0.05). Exceptionally, the species diversity was relatively low in latitudinally intermediate part (38.5°N-39.5°N) where the density was low (Table 2) . Average values of species diversity were a little different for each community type (Table 3) . Theragra community showed very low species diversity, while Physiculus community showed high species diversity. Each community differed also in density and biomass, and the abundance of Theragra community was high while the Physiculus was low. The characters of Gadus community were intermediate between the other two communities. The rank-abundance diagram of each station is shown in Fig. 10 . Many stations showed somewhat linear arrangement of the rank-abundance diagrams and high relative abundances of a few restricted species, that suggested geometric series with high preempting fraction (k) value. Particularly for the Theragra-dominant type, the first rank species occupied a very high proportion, while the relative abundances of constituent species were rather even in the Physiculusdominant type. The rank-abundance diagram of the overall catch showed that the observed pattern was more likely fitted to lognormal distribution than to broken stick model and geometric series (Fig. 11) . Many species were low in the relative abundance, and the curve of lognormal distribution was truncated. H′ value was 1.75 calculated for the overall catch.
Discussion
Demersal fish community in the study area was characterized by predominancy of three gadiform fishes, Theragra chalcogramma, Gadus macrocephalus and Physiculus maximowiczi. Theragra community and Gadus community were observed on the upper slope (about 200-400 m depth), and Physiculus community was distributed mainly on the lower continental shelf (about 100-200 m) (Fig. 8) . Our study was wanting in shallower stations (<200 m depth) to the north of 38.5°N, but where Physiculus community was reported at depths between 100 and 200 m off Iwate Prefecture (Kitagawa, 1990) . Attributes of demersal fish community depended on the dominant species; Theragra community showed low diversity and high density, while Physiculus community showed high diversity and low density (Table 3) .
Mean body weight of the three representative species differed from station to station (Figs. 14, estimated to minimize unexplained sum of square), broken-stick model, and lognormal distribution (fitted to minimize unexplained sum of square in the frequency distribution of relative abundances). Lognormal distribution seems to be the best fit to the observed pattern.
3-5) and was negatively correlated to the population density (Fig. 6 ), suggesting that ontogenetic habitat change from the high density area where small young individuals dominated to the low density area where large individuals were dominant. Size-dependent ontogenetic habitat shifts are evident for many fishes (Helfman, 1978; Werner and Gilliam, 1984; Horikawa et al., 1991) , and such shifts possibly have profound effects on fish community structure. Although the three species were all widely distributed and coexisted (Figs. 3-5) , their distribution patterns showed low similarity with one another (Fig. 2) , and three different communities were classified. Ontogenetic change in habitat of the three gadiform fishes may rule the community structure and the distribution of community types in the study area through such size-dependent ecological features and their interactions between species. The rank-abundance diagram of each station seemed geometric series (Fig. 10 ) suggesting preempting pattern of niche partitioning within a community. On the other hand, the overall rankabundance diagram of the study area (Fig. 11) showed an underlying lognormal distribution with a few surpassingly dominant species. Lognormal distributions arise from products of random variables (May, 1975 (May, , 1981 , and the observed lognormal pattern resulted probably from the large sample of whole study area, which was made up from more local communities of geometric series. The lognormal distribution was truncated, and when the lognormal distribution is assumed, more samples are required to measure the total number of species of the study area; 75 species were collected in this study compared with an estimation 110 species (calculated by the fitted expectation in Fig. 11 , see S T in May, 1975) . Rank-abundance diagram was little known for offshore demersal fishes, but the species abundance histograms reported in some deep-sea ichthyofaunal studies (Merrett and Marshall, 1981; Merrett and Domanski, 1985; Merrett et al., 1991) also showed truncated lognormal patterns. The dominance of the first ranked species of our study (55% by number, 74% by weight) was higher than those of some works on European demersal fisheries data (Brander, 1988) , in the slope off Morocco (Merrett and Marshall, 1981; Merrett and Domanski, 1985) , and in the slope off Tasmania (May and Blaber, 1989) , but various values were reported in North Atlantic deep waters (e.g., Snelgrove and Haedrich, 1985; Gordon and Duncan, 1985; Gordon and Bergstad, 1992; Merrett, 1992) ; the dominance was variable due to not only faunal characteristics but also the sample size, and direct comparison to other works seems rather difficult.
The negative correlation between the density (or biomass) and the species diversity (Fig. 9 ) indicated that the high density could not be executed if many species equally coexisted in a community. In the study area, biomass and density of demersal fish community was relatively high on the uppermost slope (about 200-400 m depth) where low-diversity community was formed. Dominant species in the depths were Theragra chalcogramma and Gadus macrocephalus. Both species were relatively wide range of distribution suggesting large population sizes, and lived on pelagic organisms such as euphausids (Mikawa, 1956; Hashimoto, 1974; unpublished data) . High density is possibly attained by a few surpassingly abundant such benthopelagic fishes in offshore demersal fish community. Pelagic and benthopelagic organisms are recognized as an important food source into demersal fish community in the deep sea, and benthopelagic fishes feeding on them were often dominant in demersal fish communities (Sedberry and Musick, 1978; Marshall, 1979; Blaber and Bulman, 1987) . High density of demersal fishes on the uppermost slope was reported also in the other localities (Ikeda, 1980) . The oceanographical characteristics of the uppermost slope and the ecology of pelagic preys may support high density of demersal fish community of the depths. The density, biomass and species diversity were relatively low in latitudinally intermediate part (38.5°-39.5°N) where some discontinuity was also observed for fish distribution patterns. The results suggests the existence of an ichthyofaunal boundary at the latitude, possibly caused by some environmental change. Some problems have yet existed in measuring the density, biomass and species composition and the relative abundances for demersal fish communities. Otter trawls may give underestimates of fish abundances, and the degree of underestimation may depend on species. Haedrich et al. (1975) and Ohta (1983) found that even large otter trawls may give a lower estimate of abundance than photographic surveys. Although the catchabilities were supposed to be unity for all fishes in our study, catchability coefficients of each species should be measured, for example using visual census and observations, to obtain more precise estimation of density, biomass and species relative abundance. May and Blaber (1989) and Blaber et al. (1990) used different catchabilities according to the species. Some combination of different trawls was also used for more accurate ichthyofaunal studies in the deep sea (Gordon and Duncan, 1985; Merrett et al., 1991; Gordon and Bergstad, 1992) .
